. Comparison of woody species diversity between managed and unmanaged forests considering vertical structure in Hyrcanian forests, Iran. Biodiversitas 16: 95-101. Biodiversity conservation is increasingly considered a key to sustainable forest management and understanding biodiversity in forest ecosystems is essential to reveal forest dynamics, so this study aims to compare tree and shrub species diversity and vertical species distribution between two managed and unmanaged forest stands. The study area was consisted of two adjacent districts in which two different management practices were implemented. In 1000 m 2 circular plots, type of species and diameter at breast height (D.B.H) of all trees larger than 2.5 cm as well as type of species of all shrubs and vertical distribution of tree species were recorded. In addition to richness, evenness and heterogeneity indices were calculated for whole tree and shrub species and also for each tree layer. The results showed that tree species diversity indices were significantly greater in the unmanaged area, whereas richness and heterogeneity indices of shrubs were greater in the managed area. Comparing the biodiversity indices indicated that richness index had the greatest value in the understorey and heterogeneity indices were greatest in the middle storey in both regions. Greater amounts of evenness were detected in the middle-and over storey of unmanaged and managed areas, respectively. As forestry operations result in change in various forest characteristics such as species diversity, it is essential to assess and monitor the effect of logging operations on forest diversity Hyrcanian forests of Iran.
INTRODUCTION
Sustainable management of forest is one of the recent expressions of sustainability in forestry. It adopts an ecosystem approach to forest management, while operating in an interdisciplinary context (Hahn and Knoke 2010) . One of the comprehensive definitions of sustainable forest management is managing forest stands in such a way that their productivity, regeneration, vitality and biodiversity is preserved in accordance with ecological, economic and social functions in local, national and global levels, currently and in the future (Bernasconi 1996) . Nowadays, it is increasingly acknowledged that biodiversity, as a main aspect of ecosystem structure and functioning as well as a key issue of sustainable forest management, needs to be considered in forest management plans in conjunction with other environmental and economic criteria (Bertomeu and Romero 2001) . Biodiversity has a substantial role in forest ecosystems for the preservation of ecosystem functioning (Bengtsson et al. 2000) . Indeed biologically diverse systems serve a variety of human needs; it provides us with a wealth of products and services. There is concern that the loss of biodiversity within forests is jeopardizing these services (Aerts and Honnay 2011) .
It is also related to the delivery of many ecosystems services (Balvanera et al. 2006) , and results in geomorphological, hydrological, ecological stability in forest ecosystems (Noss 1999) . Loss of habitat resulting from human land-use practices is the single largest factor causing the decline of biodiversity (Millennium Ecosystem Assessment 2005; Mönkkönen et al. 2014) . Various ecosystem functions might be affected negatively by biodiversity loss, and long term reduction of species numbers may lead to a decrease of the ecosystem's ability to confront with disturbances (Ishii et al. 2004) . As a consequence, any sustainable forest management should be in accordance with environmental policies including biodiversity conservation.
Biodiversity of forest ecosystems encompasses many different aspects, such as species diversity, ecosystem diversity and genetic diversity. Species composition can alter ecosystem properties through functional traits and interactions (Hooper et al. 2005; Schmidt et al. 2015) . At the stand level, species diversity is often associated with stand structural complexity (e.g. vertical and horizontal structure and other spatial components), as an appropriate indicator of habitat diversity (Ishii et al. 2004) , and has been reported to be a major factor determining forest vegetation (Cardinale et al. 2012) .
Forest structure is directly related to the habitat of many different animal and plant species (Kint 2000) and the alterations in forest structure through the intervention of man and natural disturbances can affect the conditions needed for the survival of many species (Guner 2002) . Moreover, natural and human disturbances influence different components of biodiversity in many communities by their direct impact on species and stand structural diversity (Huston 1994; Robert and Gilliam 1995; Lindgren and Sullivan 2001) . Species diversity as well as its vertical differentiation within stands may thus be used as indicators of disturbances regime in forest ecosystems (Larsson and Danell 2001) .
Over the last 300 years, the world population has increased considerably. This rapid development brings increased, widened and varied demands for timber and non-timber products (Baskent 2000) . Timber extraction is one of the most important disturbances occurring in forests throughout the world, and there is an increasing debate over the global effect of forest management for timber production on biodiversity (Siitonen 2001) . At the local scale, unmanaged forests in general are said to contain more species than managed forests (Okland et al. 2003) , but the results of some studies failed to confirm this idea for particular taxa (Graae and Heskjaer 1997; Bobiec 1998) . Hyrcanian (Caspian) forests located in the north of Iran comprise a narrow band of temperate deciduous forests and are contiguous to a larger forest block extending across eastern Turkey and Caucasia. These forests cover the north-facing slopes of the Elborz Mountain, and extend from the Northwest to the Northeast of Iran with a total area of about 1.9 million hectares. Most parts of the forests within this range are managed for timber production as these forests are the only source of wood production in Iran and the main revenue of forest management plans is the income of logging (Forest and Rangelands Organization of Iran 1997). We hypothesize that the intensive logging in Hyrcanian forests has considerably decreased the species diversity in managed stands compared to natural forest relicts. Therefore this study aims at analyzing tree and shrub species diversity and comparing vertical species distribution between two managed and unmanaged forests using different diversity indices.
MATERIALS AND METHODS

Study area
This research was conducted in the Kheyrud Forest Research Station of University of Tehran (KFR), an 8000 hectare forest which is a portion of Hyrcanian uneven-aged forest, located approximately 7 km east of Nowshahr (or Noshahr) (51°32ʹN, 36°27ʹE), Mazandaran Province, within the Elborz mountain range, northern Iran (Figure 1 The elevation in the region ranges from 50 to 2200 m above sea level, composed of mostly broadleaved species. The climate of the area, according to the Emberge climate system, is wet with cold winters. The mean annual temperature is 15.9ͦ C, the highest mean monthly temperature of 29 ͦ C occurs in June and July and the lowest of 7.1 ͦ C in February. The mean annual precipitation is 1354.5 mm, with maximum and minimum amounts in September and June, respectively. KFR is divided into 7 districts; however, only the first district, Patom, was surveyed. After field inspection, two adjacent areas characterized by the same soil type, plant community and site quality were selected. The southern area which is a protected forest has never been harvested and characterized as a reference forest for sustainable forest management, whereas in the northern area, logging is performed.
Procedures
Using systematic random sampling method, 40 0.1 ha circular sampling plots were laid out in each study area. Within each plot, D.B.H of all trees larger than 2.5 cm and the crown cover of all shrubs were recorded.
Considering that Hyrcanian forests consist of three stories (understorey, middle storey and overstorey), vertical layers were determined by visual estimation. Slope, altitude and aspect were measured for each plot using a clinometer, altimeter and compass, respectively.
Data analysis
Many different indices have been proposed for the evaluation of species diversity. During their historical development, the indices have been separated into three categories: indices of (i) species richness: the oldest and the simplest understanding of species diversity expressed as a number of species in an ecosystem, (ii) species evenness: a measure of the equality in species composition in a community, and (iii) species heterogeneity: a characteristic encompassing both species richness and evenness (Ludwig and Reynolds 1988; Krebs 1989) . In this study, species richness S is the number of species recorded at each sampled plot (Magurran 1988) . For species heterogeneity Shannon (Shannon 1949 ) and Simpson (Simpson 1949) diversity indices were used, as these are successful tools for the evaluation and quantification of plant diversity (Dale et al. 1994 ).
Shannon's index was calculated as:
Simpson's index (D), a diversity index heavily weighted towards the most abundant species in the sample while being less sensitive to species richness, was calculated as:
Where n i is the number of individuals in the i th species and N the total number of individuals. When D increases, diversity decreases and therefore Simpson's index is usually expressed as 1.D -1 this expression (i.e. 1.D -1 ) was also used in this study. Two indices of evenness, Smith and Wilson and Simpson's (E), were used. The Simpson's evenness index (E) is calculated as the ratio of the Simpson's diversity index D to the maximum possible index of diversity, given S species and N individuals. Smith and Wilson (1996) proposed an index of evenness based on the variance in abundance of the species. According to Smith and Wilson, this is the best index of evenness because it is independent of species richness and is sensitive to both rare and common species in the community, the index calculated as: The indices were calculated for tree and shrub species separately, as well as for vertical tree layers within each plot. If the number of trees N is used, the size of the tree is neglected for calculating species diversity indices, while using the basal area, the tree size is taken into account through its diameter, or more precisely by the square of its diameter (Merganic and Smelko 2004) . The sum of basal area of all individuals for each species in sample plots was used instead of species number in calculating evenness and heterogeneity indices of trees. Ecological Methodology software package was employed for calculating diversity indices. The normality of calculated indices for shrub and tree species was examined by using Kolmogorov-Smirnov test. Since some geomorphological features like elevation, aspect and slope were different between the two studied areas and might influence the diversity indices, these features were considered as covariates and an Analysis of Covariance (ANCOVA) was applied for removing their effects and then comparing indices between logged and unlogged areas and also among vertical layers. Significant differences among treatment averages for different parameters were tested at p ≤ 0.05.
RESULTS AND DISCUSSION
There were only a few shrub species and 15 tree species in this study area. Among the species, four tree species and one shrub species were only found in the unlogged area. Carpinus betulus L., Diospyros lotus L., Parrotia persica (Dc.) C.A.M., Acer velutinum Boiss., Fagus orientalis Lipsky, Quercus castaneifolia C.A.M., Acer cappadocicum Gled., Alnus subcordata C.A.M., Ulmus glabra Huds., Cerasus avium (L). Moench, Rhamnus frangula and Tilia begonifolia Stev., Ulmus carpinifolia Borkh., Ficus carica L., and Sorbus torminalis (L.) Crantz were only recorded in the unlogged area. Tree species, stem density and basal area were common species in both areas, whereas of all tree species in both areas are presented in Table 1 . Crataegus microphylla C. Koch and Mespilus germanica L. were common shrub species in both forest sand Prunus divaricata Ledeb was only observed in the logged area ( Table 2) .
Comparison of indices between two areas and among tree layers using ANCOVA showed that diversity indices were not significantly influenced by geomorphological features. The p-values related to covariates in all tests were 05 . 0  . Since community, climatic and edaphic conditions were similar in two regions and geomorphological characteristics did not show significant influence on diversity indices, it seems the difference between diversity indices of two areas were the output of management practices.
Tree species diversity indices
Species richness
The comparison between both study areas showed that species richness of trees was significantly higher in unlogged area (Table 3) . Species richness values calculated for vertical layers were also greater in unlogged area, but the difference was only significant in the middle-and understorey (Table 3 ). Species richness indicated significant difference among layers, and the highest species richness was found in the understorey in both areas (p < 0.05).
Evenness indices
Both evenness indices showed significant differences between the areas, with higher values for unlogged area. Evenness indices calculated for the overstorey were higher in unlogged area (Table 4) , but these differences were not significant. In the middle-and the understorey, evenness indices were significantly higher in the logged area (Table  4) . Highest values in the logged region were observed in the middle storey (p < 0.05), but in unlogged area evenness values were the highest in the overstorey (p < 0.05). 
Shannon's diversity index
The Shannon diversity index for all tree species was significantly higher in unlogged area ( Table 5) . The same is observed for tree layers, but the difference was not significant in understorey (Table 5 ). Regarding to vertical structure, this index had the highest value for middle storey, but the difference was only significant difference between layers in unlogged area (p < 0.05).
Simpson's diversity index
The Simpson diversity index for tree species showed significant differences between both areas with higher diversity value for unlogged area ( Table 5 ). The same holds for all tree layers, but only in the upper and middle storey the differences were significant (Table 5 ). Regarding to vertical structure, this index had the highest value in middle storey but only in the unlogged area a significant difference was found between layers (p < 0.05).
Shrub diversity indices
Since shrub species were recorded in 35 sample plots in logged area and only in 3 sample plots in unlogged area, the difference of diversity indices of shrub species between two areas were obvious. As presented in Table 6 , in contrary to tree species, richness and heterogeneity (Simpson and Shannon) indices of shrubs were greater in the logged area but evenness indices values were greater in unlogged area.
Discussion
Considering overall tree species diversity indices, all species richness, evenness and heterogeneity indices showed significant differences between unlogged and logged areas with greater values for unlogged area. This difference is most probably related to management differences between both regions and selective logging. These findings are in accordance with Brown and Gurevitch (2004) who reported that logging operation decreases species diversity; independent of how many years ago clear cutting or selective cutting were done. Forest utilization by logging may result in better conditions for invasive species (Drake et al. 1989 ) and poses a threat to biodiversity by possibly displacing native plants or reducing their diversity. Even though logging might reduce competition, it increases light by creating gaps in canopy and increases the chance of soil contact for incoming propagates (Robert and Dong 1993) , in long term managed forests do not retrieve their primary tree species diversity. Other studies showed a positive effect of management on the total species richness of vascular plants (Schmidt 2005) , which could be a specific response to the disturbance that causes an increment in species diversity. In fact, the increase in diversity in some harvested forests has been related to a short-term response of the system to disturbance (Pitkanen 2000; Peltzer et al. 2000; Roberts and Zhu 2002) . Some studies showed that in the first 20 years of management practices, species richness was higher in managed than to unmanaged forests; after the 20-year cutoff, higher species richness is observed in unmanaged forests (Paillet et al. 2010) .
Regarding to tree structural diversity, the results also indicated that all diversity indices in the overstorey were greater in unlogged area, whereas in the middle-and understorey only species richness and heterogeneity were higher in the unlogged area, but evenness values were greater in the logged area. In most sample plots in unlogged area the middle storey consisted of semi shade tolerant species such as Carpinus betulus and Parrotia persica, which hindered presence of other species and resulted in uneven distribution of species in these layers. In analyzing tree structural diversity it was observed that species richness decreased from understorey to overstorey in the unlogged area. It seems in parallel with tree individual's diameter and height increment and transition to higher layers, some species were outcompeted because of competition for ecological conditions like light, moisture, nutrients, etc. In contrary, the trend of species richness changes was different in the managed area; it decreased from understorey to middle storey and then increased to overstorey, in other words this index had its highest value in the top layer. Heterogeneity indices had their highest values in the middle storey layer, in this study three factors played important roles in calculating heterogeneity indices: i) number of species in each layer, ii) summation of basal area of tree individuals iii) distribution of basal area among species. Greater value of heterogeneity indices in the middle storey compared to understorey was related to higher value of basal area of trees in this layer not to the more number of tree species; because species richness values were greater in the understorey. These findings may explain the essence of using the variable related to size of trees (e.g. diameter, basal area or volume) rather than number of individuals for calculating species diversity in forest stands. Diversity indices calculated for shrubs showed significant differences between two regions with higher value for the managed area. It seems that gaps created by logging allowed the understorey to outspread more because canopy closure restricts spread of most herbs and shrubs. Frequent disturbances in managed forests such as canopy openings, litter removal, and soil disturbance, all strongly favor understorey plants, especially shade intolerant and competitive species. Structural diversity which is proved to be a good indicator of forest structure has also significantly affected by disturbance in this study. Hence, development of indicators based on only one dimension of diversity may not be sufficient to assess the effect of management on biodiversity (Roberts and Gilliam 1995) .
Biodiversity conservation is increasingly considered a key to sustainable forest management and understanding of biodiversity in forest ecosystems is essential to reveal forest dynamics and providing methods and approaches to manage forest stands. Growing empirical evidence demonstrates that biodiversity loss can affect major ecosystem properties such as primary productivity and nutrient cycling (Cardinale et al. 2012; Isbell et al. 2011; Ratcliffe 2015) .
Trees are the most important components in forest ecosystems and provide resources and habitats for many other forest species which depend on tree species. Tree species diversity has the potential to increase productivity in a temperate forest through facilitation and/or complementary resource use if the resource considered limits productivity (Schmidt et al. 2015) .
So in forests in which a selection cutting system is applied for timber production, these species and consequently forest species diversity may be endangered in long term, especially if only some specific species and diameters are selected. In the most cases some improvement in design and management of forests can conserve biodiversity better, often with little or no reduction in timber production (Hartley 2002) . Finally, as forestry operations result in changes in various forest characteristics including plant composition, forest structure, soils and species diversity, in management plans for Hyrcanian forests of Iran, assessing and monitoring the effect of management programs like logging operations on forest diversity is essential.
